In this work I present the study of the behaviour response of mouse broblasts NIH-3T3 under UVB radiation using Fourier transform infrared spectroscopy (FT-IR), the preferred method of infrared spectroscopy. FT-IR, in fact, it is convenient to study molecular cell processes because it has the potential to provide the identication of the vibrational modes of some of the major compounds (lipid, proteins and nucleic acids) without being invasive in the biomaterials. The results show that apoptotic process is induced by UVB radiation.
INTRODUCTION
During the last years the use of Fourier Transform Infrared spectroscopy (FT-IR) to determine the structure of biological macromolecules has dramatically expanded.
The complete three-dimensional structure of a protein at high resolution can be determined by X-ray crystallography. This technique requires the molecule to form a well ordered crystal which is not possible for all proteins and cells. This limitation have led to the development of alternative methods that are not able to generate structures at atomic resolution but provide also structural information on proteins (especially on infrared region. To be infrared active the vibration must result in a change of dipole moment during the vibration. This means that for homonuclear diatomic molecules such as Hydrogen (H 2 ), Nitrogen (N 2 ) and Oxygen (O 2 ) no infrared absorption is observed, as these molecules have zero dipole moment and stretching of the bonds will not produce one. For heteronuclear diatomic molecules such Carbon Monoxide (CO) and Hydrogen Chloride (HCl), which do possess a permanent dipole moment, infrared activity occurs because stretching of this bond leads to a change in dipole moment
It is important to remember that it is not necessary for a compound to have a permanent dipole moment to be infrared active. In the case of Carbon Dioxide (CO 2 ) the molecule is linear and centrosymmetric and therefore does not have a permanent dipole moment. This means that the symmetric stretch will not be infrared active. However in the case of the asymmetric stretch a dipole moment will be periodically produced and destroyed resulting in a changing dipole moment and therefore infrared activity. The fact that there are many dierent vibrations even within relatively simple molecules means that the infrared spectrum of a compound usually contains a large number or peaks, many of which will be impossible to condently assign to vibration of a particular group. Particularly notable is the complex pattern of peaks from 1800 cm −1 to 900 cm −1 which are very dicult to assign. However, this complexity has an important advantage in that it can serve as a ngerprint for a given compound. Infrared radiation is absorbed by organic molecules and converted into energy of molecular vibration. In IR spectroscopy, an organic molecule is exposed to infrared radiation. When the radiant energy matches the energy of a specic molecular vibration, absorption occurs.
In this experiment, the NIH-3T3 broblasts had been exposed at UVB radiation for dierent time.
Ultraviolet (UV) radiation is dened as that portion of the electromagnetic spectrum between x-rays and visible light, i.e., between 40 and 400 nm (30 − 3 eV ). The UV spectrum is divided into Vacuum UV (30 − 190 nm), Far UV (190 − 220 nm), UVC (220 − 290 nm), UVB (290 − 320 nm) and UVA (320 − 400 nm). The sun is our primary natural source of UV radiation.
UVB is typically the most destructive form of UV radiation because it has enough energy to cause photochemical damage to cellular DNA, yet not enough to be completely absorbed by the atmosphere: these DNA lesions inhibit DNA synthesis and transcription and are generally removed from the genome by mechanisms that include nucleotide excision repair. Cells that have not repaired their DNA are induced to undergo apoptosis as a way to prevent the generation of mutated cell clones. UVB is needed by humans for synthesis of vitamin D; however, harmful eects can include erythema (sunburn), cataracts, and development of skin cancer. Individuals working outdoors are at the greatest risk of UVB eects. Most solar UVB is blocked by ozone in the atmosphere, and there is concern that reductions in atmospheric ozone could increase the prevalence of skin cancer.
Programmed cell death, apoptosis, is one of the most important cellular processes Then the cells lose their ability to regulate osmotic pressure, swell, and rupture. Finally, the contents of the cells are spilled into the surrounding tissues.
While apoptosis often provides benecial eects to the organism, necrosis is almost always destructive and can be fatal.
MATERIALS AND METHODS

Cells and Culture Condition
For this experiment, we used mouse NIH-3T3 broblasts . Cells were cultured at 37 o C. We divided the sample into two parts: the control and irradiated (with UVB radiation) samples. Both the control and irradiated samples were cultured in petri dishes.
UVB Radiation
To induce apoptosis, the cells in uncovered petri dishes were exposed to UVB radiation for dierent times. Our UVB source it was Philips T L20W/12 lamp emitting 2.1 W at 310 nm. The sample was placed at a distance of 30 cm from UVB lamp. We placed the control and irradiated cells inside the incubator and cultured them for 30 minutes before spectroscopic measurements.
We made two dierent kind of experimental procedure:
1. In fact, all IR spectra were divided into two spectral regions:
• Lipids region (3000 − 2800 cm
• Fingerprint region (1800 − 900 cm
Baseline, smoothing correction and area normalization (at CH 2 −asymmetric stretching peak for Lipids region and Amide II peak for ngerprint region) were executed for each spectra. The IR Data Analysis was obtained with The Spectral Manager Analysis software provided by Jasco Corporation (Japan). The background spectrum was automatically taken into account. Then treated and control sample spectra were compared.
For each experiment it was reported the control value on the day that it had done.
To understand the eects of the UVB-treatments, we also analyzed our samples by optical microscopy to view the morphological changes in cells. We used a Leica DMIL microscope equipped with a digital camera Olympus for the acquisition of frames. Cell images were acquired before and after the UVB exposition, placing the cells, with their culture medium, in uncovered culture plates.
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The experimental data analysis were performed by using Synergy KaleidaGraph 3.6.2
(a graphing and data analysis software).
RESULTS AND DISCUSSION
In this section, I want to show my experimental results and I try to give them an interpretation.
For both the rst and the second experiment, the analysis procedure was the following.
First Experiment 1. I calculated these following R area ratios and I represented them in a graph as a function of UVB-exposition time: see table 1 and table   2 ) as a function of UVB-exposition time.
3. I calculated and represented the Amide I area versus UVB-exposition time.
4. I calculated the wave-number shift of α−helix, β−sheets, random coil and β−turns peaks (Amide I components of our interest) and I represented them in a graph as a function of UVB-exposition time. 2. I calculated and represented the lipids area table 1 and table   2 ) as a function of observation time.
3. I calculated and represented the Amide I area versus observation time. of apoptosis. Both of these stages of apoptosis displayed increased intensity absorption bands [4] . The comparison of the results for the control sample and UVB-irradiated samples shows that some structures become more evident with time in the irradiated samples, and new bands are observed. The dierences with respect to the control spectrum are evident mainly at 60 min.
In this experiment, our aim is the study of the early apoptotic process.
LIPIDS
The region between 3000 and 2800 cm −1 exhibits the symmetric and asymmetric
1064 − 1000 P 6 1000 − 942 For rst experiment, we observed a decreased R 1 and R 2 ratios (see Fig.6 ) and an increased R 3 and R 4 after 45 minutes of UVB exposition (see Fig.7 ); this fact is conrmed about the behaviour of Amide I area as a function on exposition (see Fig.14) time.
The increased intensities of the CH stretching vibrations of lipids associated with an increased CH 2 /CH 3 band intensity ratio was observed only in cells at an early stage of apoptosis (our experiment).
In the lipid range , this spectral changes could be correlated to the major exposure of phosphatidylserine in the outer leaet of the plasma membrane.
The second experiment conrms this trend (see Fig.8 and Fig.9 ): it seems that until 30 minutes of UVB-exposition (short exposition time!), the apoptotic process is a reversible mechanism that it is interesting not only with respect to the externalization of phosphatidylserine but also with respect to the behavior of proteins and nucleic acids, according to the spectroscopy results.
The variation of this intensity (L value) could reect a variation of the lipid amount around the nucleus (see Fig.10 and Fig.11) . Moreover, the intensity of the bands corresponding to the symmetric and asymmetric stretching mode of the methylene groups (respectively at 2852 and 2924 cm −1 ) relative to the intensity of the symmetric and asymmetric stretching mode of the methyl groups (respectively at 2872 and 2960 cm −1 ) was highest for the rst experiment: this is in agreement with my hypothesis that the apoptosis is probably a reversible process under few minutes of UVB treatment.
Another conrmation of this idea is that only in the late apoptosis, it is possible to observe evident changes in morphological and biochemical cell properties.
These relative intensity changes could reect changes in the relative amount and/or type of lipids present. For example, the L 1 value for the second experiment decreases, like the others increase (see Fig.12 and Fig.13 ).
PROTEINS AND NUCLEIC ACIDS
The most prominent bands in the ngerprint region (1800 − 900 cm The Amide I (1700 − 1586 cm −1 ) area can be assumed to be another spectroscopic marker that is sensitive to processes that lead to apoptosis. We notice how the Amide I area increases in both experiments (see Fig.14) .
The behavior of the Amide I area showed a high correlation with the early plus late apoptotic cell population [1, 2] .
The shape of the Amide I band is inuenced by the overlap of secondary structure of proteins: these components are β-sheets between 1613 and 1637 cm I investigated about the wave-number shift of previous Amide I secondary structure:
inside experimental uncertainties ∆λ = ±2 cm −1 , there were not remarkable shift (see Fig.15-18 and pay attention about y-scale!). Perhaps if we analyzed the treated sample over than 60 minutes, some interesting shift are revealed (like α-helix and β-sheets components [1, 2] ). This is the proof that apoptotic process is actived.
The shift of the β−sheets component is a probable another spectroscopic marker of molecular disorder, such as aggregation or denaturation of proteins induced by UVB radiation.
To investigate this behavior further, the last analysis that I performed it was the Amide I band (1700 − 1586 cm −1 ) deconvolution using Curve-Fitting Analyses software provided by Jasco Corporation.
I used dierent structures for a better t of Amide I band. I chose these structures after a study about the second-derivative analysis of Amide I. Table 3 : Secondary structure of Amide I band for rst experiment.
It is possible notice dierent behaviours about Amide I components for the rst and Table 4 : Secondary structure of Amide I band for second experiment.
the second experiment (see Fig.19 and Fig.20 ): this fact probably reects the dierent UVB-treatment to induction of apoptosis This is a good conrmation that Amide I band (1700 − 1586 cm −1 ) can be assumed to be spectroscopic marker that is very sensitive to processes that lead to apoptosis.
CONCLUSION
We used FT-IR spectroscopy to demonstrate that several changes in the biochemical composition of cells can be detected by IR spectroscopy when NIH-3T3 broblasts undergo apoptosis. IR spectroscopy detected cellular changes very early during the apoptotic process, which occurred before the externalization of phosphatidylserine and were probably linked to DNA unwinding. Early apoptosis is marked by an increased lipid content that likely results from a modication of the lipid composition of the membrane and by a progressive increase in the Amide I area.
Since dramatic changes between untreated and treated cells were not observed in the ngerprint region, I think that the main process in this experiment it was apoptosis and not necrosis.
The absence of a shoulder on the low frequency side of the Amide I band (that usually it indicated tremendous protein conformational changes -necrosis-) is a remarkable evidence of apoptotic process [4] . IR spectroscopy indicates that considerable dierences exist in the distribution of chemical compounds between apoptotic and necrotic cells, conrming that apoptosis represents a well-ordered process of cell death whereas necrosis is likely to correspond to tremendous changes in cell composition.
Finally, I want also spend few words about Mie-Type scattering and non-LambertBeer absorption behaviour of cells in infrared microspectroscopy [8] .
14 The scattering of electromagnetic radiation by spherical particles of any size r, relative to the wavelength, λ. Since the cases r λ and r λ are covered by Rayleigh (dipole) scattering and geometric scattering theories, respectively, Mie scattering often refers to the case of r λ. In contrast to Rayleigh scattering, the Mie solution to the scattering problem is valid for all possible ratios of diameter to wavelength, although the technique results in numerical summation of innite sums. Dielectric spheres are known to scatter electromagnetic radiation if the wavelength of the light is comparable to the size of the dielectric sphere. This scattering process was rst described theoretically by Mie (1908) [9] . The Mie solution is also important for understanding the appearance of common materials like biological tissue.
When the absorption behaviour does not obey Lambert-Beer's law, the scattering eects produce a broad, undulating background onto which the absorption features are superimposed. Depending on the positions of the scattering maxima, the observed spectral intensities may be distorted, and the baseline for absorption spectra may be dicult to dene. The nonlinear absorption observed for very compact nuclei suggests that nucleic acid features may be used as an indicator for a cell's level of activity. In our case, instead, we did not observe substantial deviation from Lambert-Beer's law:
all FT-IR spectra exhibited a good signal-to-noise ratio and were highly reproducible.
We considered correct the Lambert-Beer approximation. 
